The CMS detector is one of the two general purpose experiments that will study the collisions produced by the Large Hadron Collider (LHC). The LHC is supposed to start its operation in 2007 at an instantaneous luminosity of 2×10 33 cm −2 s −1 . This may well result in an integrated luminosity of 10 fb −1 after the first year of running. The physics reach of CMS with such an amount of delivered luminosity is presented for some of the most important fields of study: Standard Model physics, Standard Model and Minimal Supersymmetric Standard Model Higgs searches.
Introduction
The Large Hadron Collider (LHC) has been designed to produce p − p collisions at a nominal luminosity of 10 34 cm −2 s −1 . Taking into account a reduced luminosity at start up (2 × 10 33 cm −2 s −1 ), it is expected that the LHC will deliver an integrated luminosity of about 10 fb −1 in the first year of running. A general purpose experiment running at the LHC can largely benefit from such an amount of physics input. The physics reach of the CMS experiment 1 in the Standard Model (SM) and in the Minimal Supersymmetric Standard Model (MSSM) Higgs sector is reviewed in this document. Expected yields of W and Z bosons as well as top quark are also given. All results have been obtained in either full or fast simulation studies. In the former case the particles resulting from simulated collisions are propagated through the apparatus by means of a detailed GEANT3-based simulation of the CMS detector 2 . Then, the response of the detectors is accurately simulated 3 and, finally, the reconstruction algorithms developed for CMS 3 are run to obtain the physics observables. On the other hand, fast simulation will mean throughout this document a study in which the steps going from particle propagation to basic reconstruction are replaced by the use of parameterization functions implementing selection and reconstruction efficiency as well as resolution for the physics objects relevant to the study.
Fast simulations are unavoidable whenever the statistics needed is so high that it would require unacceptably long computing time.
SM physics yields
The measurement of W and Z boson production properties, and especially their couplings, will be one of the fundamental topics to be studied at the LHC. On one hand, deviations may hint at new physics. On the other, first manifestations of supersymmetry may have to be discriminated against a background of W +jets and Z+jets events. The same holds for heavy flavor physics and, in particular, studies of the t quark, where couplings, rare decay modes, spin characteristics and correlations have to be studied. W , Z and t quark production also provide key tests of QCD. The main channels for analysis of the W , Z and t quark at the LHC will be their decays with leptons in the final state. At the center of mass energy of 14 TeV in p − p collisions the production cross section for the channels W −→ µν, Z −→ µµ and tt −→ W bW b −→ µν + X are approximately 20 nb, 2 nb and 0.13 nb respectively. These numbers correspond to event production rates of 40 and 4 Hz for the W and Z bosons respectively. The CMS muon trigger system covers the pseudorapidity region |η| < 2.1 and since the magnetic field configuration is, with good approximation, such that particles do not change their η along their path one can reasonably define the acceptance as the percentage of events in which there is at least a muon with |η| < 2.1 at generation. The full selection chain, consisting of the L1 trigger and of the High Level Trigger (HLT) algorithms, has been simulated 4 on several signal samples produced with Pythia 5 . It has been demonstrated that the on-line selection can be accomplished at start-up by setting the HLT thresholds on the transverse momentum of single isolated muon and di-muon events (one of them isolated) at 19 and 7 GeV/c respectively, the corresponding L1 thresholds being softer. The efficiency of the selection of the three channels mentioned above for the events in the geometric acceptance is presented in Tab. 1. In the same table the yields expected with an integrated luminosity of 10 fb −1 are also reported. The yield is calculated assuming the cross section, acceptance and efficiency values that are reported in the same table. Table 1 : Cross section, geometrical acceptance, on-line selection efficiency and yield for some representative SM decay modes with one muon in the final state. The geometrical acceptance is defined as the percentage of events having one muon at generation in the muon system nominal coverage: |η| < 2.1. The L1 + HLT selection is tuned for the initial luminosity of 2 × 10 33 cm −2 s −1 expected at the LHC.
SM Higgs searches
The search for the Higgs boson is one of the most important tasks of the general purpose experiments at the LHC. The mass range where discovery could take place starts at the present upper limit of 114.1 GeV/c 2 set by LEP 6 and spans up to about 1 TeV/c 2 . The left plot in Fig. 1 7 shows the expected statistical significance of the most relevant SM Higgs signals observable with the CMS detector as a function of the Higgs mass (m H ) and for an integrated luminosity of 10 fb −1 . For the sake of completeness and consistency of results no k-factors have been considered neither for the signals nor for the backgrounds. However, the individual channels have also been studied with the inclusion of higher order corrections to the cross sections.
In the heavy mass range, namely from 180 GeV/c 2 up to 800 GeV/c 2 , the channel with the best sensitivity is H −→ ZZ −→ 4l. The significance of the H −→ ZZ −→ e − e + e − e + over the range 120 < m H < 200 GeV/c 2 as obtained in a full simulation study 8 is shown in the left plot of Fig. 2 for integrated luminosity values of 10 and 100 fb −1 . It is evident that with 10 fb −1 the electron channel alone does not allow discovery, however preliminary results from full simulation studies indicate that combination of the muon, electron and mixed final states should result in a signal significance larger than 5σ over most of the range 125 < m H < 500 GeV/c 2 . The channel H −→ ZZ −→ 4l lacks discovering power in the m H interval around the threshold for resonant W W pair production (≈ 165 GeV/c 2 ), where the branching ratio (BR) of the Higgs decay into a pair of Z's gets suppressed. In this region the channel H −→ W W −→ µνµν will be the most suitable for an early Higgs discovery 9 . The most important sources of background to this channel are tt, W tb, W W , ZZ, W Z and Z production. Fast simulation studies have demonstrated that the background can be strongly reduced leading to a signal significance greater than 5σ with just 5 fb −1 , while the signal to background ratio is close to unity. In particular, the absence of color exchange in the hard process, leading to little jet activity in the central rapidity region, allows to suppress the tt and W tb backgrounds while W W spin correlation effects is an effective tool against the W W continuum production. At values of m H below 120 GeV/c 2 , the H −→ γγ, despite the very low BR (≈ 2 × 10 −3 ) provides the most distinct signature thanks to the excellent CMS electromagnetic calorimeter resolution 12 . Fig. 2 (right plot) shows the invariant mass spectrum of γγ pairs from signal events and main backgrounds for m H = 120 GeV/c 2 with 10 fb −1 as obtained in a full simulation study 13 . Next to leading order corrections are taken into accounts by means of k-factors. Events are selected requiring two isolated photons having transverse momenta greater than 25 and 40 GeV/c, which correspond to the cuts to be applied in the HLT selection. The signal significance is 3.8. This result demonstrates that an integrated luminosity of 10 fb −1 is not enough for discovery, especially in view of the fact that the CMS electromagnetic calorimeter will not have the expected energy resolution in the first year of running. Despite the lower cross section with respect to the gluon fusion production mechanism (gg −→ H), signal events produced in the weak boson fusion channel (qq −→ qqH) display the additional feature of two energetic jets in the forward and backward directions. Specific simulation studies where constraints are imposed on the presence of such jets are ongoing 10 11 . 
MSSM Higgs searches
The MSSM 14 is one of the extensions of the SM that would permit to eliminate some theoretical SM drawbacks. Supersymmetric theories are also attractive as they provide a theoretical framework in which to include all known fundamental interactions. In the MSSM scenario, one of the most relevant features from the experimental point of view is the enhancement of the Higgs coupling to b quarks and τ 's by tan β. First of all this implies that the neutral Higgs production through the associated production with a pair of b quarks is strongly enhanced: for tan β 10 and m A 300 GeV/c 2 this process contributes to more than 90% of the total cross section. Furthermore, the decay of the Higgs bosons in final states containing τ 's becomes the most suitable for discovery over large areas of the tan β-m A parameter space. Therefore, optimal b and τ tagging capability, to be displayed also in the on-line selection are crucial for these kind of studies. Fig. 3 (left plot) shows the performance of a b-tag algorithm 4 developed in CMS. One version of the algorithm, indicated as "HLT" in the plot, has proved to be sufficiently robust and fast for use in the CMS HLT selection. Parameterizations of the efficiency of such b-tag algorithm as well as that of τ tag, together with parameterizations of the track resolutions as obtained in full simulations have been used as input to several fast simulation studies. Results from one of such studies 15 are shown in the right plot of Fig. 3 where the reconstructed mass distribution of the heavy neutral Higgses in the τ τ −→ llνν final states is reported. Significant excess of the signal events over the background is clearly visible with 10 fb −1 . The coverage of the parameter space obtainable with CMS and 10 fb −1 is reported in Fig. 1 (right plot) for the maximal stop mixing scenario and by considering just the channels involving the heavy Higgses. The cross sections and BR for the Higgses are obtained from various dedicated packages 16 and the efficiencies of the on-line selection and reconstruction are taken from detailed simulation studies. One can easily see that a sizable region at high tan β and moderately low values of m A will be covered with just 10 fb −1 .
Conclusions
The physics reach of the CMS detector with an integrated luminosity of 10 fb −1 has been reviewed. Detailed simulation of the entire on-line selection chain leads to impressing numbers for the yield of W , Z and t quark when these are selected by looking at the presence of leptons in the final state. The numbers corresponding to the selection based on muons have been reported. A SM Higgs would be discovered if its mass was in the range 120 m H 700 GeV/c 2 , the low mass region being the most difficult. For such low values of m H the presence of forward jets deriving from the vector boson fusion diagram could facilitate an early discovery. At higher mass values the leptonic decays into vector boson pairs provide significance exceeding 5σ. Finally, a large fraction of the MSSM parameter space would be covered with the first 10 fb −1 by looking at the heavy Higgses decays into final states containing τ 's. The favored parameter space region is the one at high tan β thanks to the more frequent presence of pairs of b jets in the Higgs events.
